Abstract Functional properties (anthocyanins, antioxidant, ascorbic acid and tannin) and sensory score were determined in pomegranate fruits at two storage temperatures (3 and 5°C) after treatment with 2 mM putrescine and 1 : 10 carnauba wax (carnauba wax : water). The treatments (putrescine and carnauba wax) were given by immersion method followed by storage up to 60 days. Both treatments retained significantly higher anthocyanins, antioxidant, ascorbic acid, tannin and sensory qualities as compared with control fruits under both the storage conditions. Combined application of putrescine + carnauba wax showed better response in retaining functional properties than putrescine treated or nontreated fruits. The impacts of putrescine and carnauba wax treatments were found more pronounced after 30 days at 3-5°C storage temperature in retaining functional and sensory qualities. After 60 days of storage, putrescine + carnauba wax retained about 25% higher antioxidant activity both at 3 and 5°C storage temperatures.
Introduction
Pomegranate (Punica granatum L.) fruit is highly valued mainly due to its nutritional and sensory properties and grown almost in all tropical and subtropical countries (López-Rubira et al. 2005) . The plant has bushy growing habit and belongs to the Punicaceae family. Fruits are usually consumed as fresh seeds (arils), which contain around 80% of juice and 20% of seed. The juice is rich in several minerals and pigments, especially anthocyanins, which are known for its strong chemopreventive activities such as antimutagenicity, antihypertention, antioxidative potential and reduction of liver injury (Hertog et al. 1997; Lansky et al. 1998) . Different compounds have been addressed as contributors to the antioxidant capacity of pomegranate. In juice, galloylglucose, ellagic acid, anthocyanin glucosides (delphinidin and cyanidin) and tannin have been found associated with antioxidant activity (Gil et al. 2000) . The shelf life extension is one of the most intensively studied topics in postharvest literature of pomegranate. Mukherjee (1958) reported the viability of stored pomegranate for 7 months at 0°C with a relative humidity of 80%. Later, Elyatem and Kader (1984) reported that at 2.2°C the pomegranate present their lowest level of respiration and endogenous ethylene production. But these studies have hardly tells on internal functional fruit quality which was undertaken at a range of storage temperatures. Now it is well known that during postharvest operations important quality losses occurs, the main problem being desiccation and browning in both peel and arils, which further increases with storage temperature below 5°C. However, storage at higher temperature leads to reduction of shelf life by acceleration of physiological and pathological activities, which makes necessary the storage at low temperatures. Moreover, losses of anthocyanins and ascorbic acid were reported in fruits at higher temperature that would reduce the potential of antioxidant activity (Wang and Zheng 2001; Lee and Kader 2000) .
The naturally occurring polyamines putrescine (PUT), spermidine (SPD) and spermine (SPM) are involved in many developmental processes, and in the case of fruits, the pre-storage application of polyamines had maintained functional qualities (Mirdehghan et al. 2007a; Valero et al. 2002; Serrano et al. 2003; Martínez-Romero et al. 2002) . Exogenous application of putrescine (usually under pressure infiltration) induced low softening and delayed color changes in lemon, peach, apricot and plum (Valero et al. 1998; Martínez-Romero et al. 2000 Serrano et al. 2003) . These effects clearly retarded the ripening process and maintained higher functional properties rendering fruits more attractive and palatable, and it seems related to their antisenescence properties.
The beneficial additive role of carnauba wax is well known for retaining functional properties of several tropical, subtropical and temperate fruits and vegetables during cold storage (Eum et al. 2009; Khuyen et al. 2008; Ergun et al. 2005; Koley et al. 2009 ).
Generally for fruit shelf life extension, polyamines have been administered through pressure infiltration to ensure polyamine intake, which seems costly and difficult in comparison to immersion method. As far as we know, no information is yet available about the combine effect of carnauba wax and putrescine (PUT) on textural and functional properties of the pomegranate arils. 'Mridula' is an Indian cultivar with extra soft delicious sweet aril suited for export (Asrey et al. 2008) . Looking into economic importance of this cultivar, the aim of the present work was to study the effect of the application of PUT and carnauba wax by immersion treatment on the textural and functional properties contributing compounds (total anthocyanins, total antioxidant activity, ascorbic acid and aril tannin content) of pomegranate stored at 3°C or 5°C followed by 3 days at 20°C.
Materials and methods
Plant material and experimental design Pomegranates (Punica granatum L. cv. Mridula) were picked on January, 2009 from a commercial orchard at Rahuri (Maharashtra). Fruits were harvested at commercial maturity (average TSS 12°Brix) and immediately transported to the laboratory.
Pomegranates with defects (sunburn, cracks, bruises and cuts in the husk) were discarded. The remaining selected fruits were randomized and divided into 3 lots of 60 fruits for the following treatments in 3 replicates (each replicate contained 20 individual fruit). One lot was treated with 2 mM putrescine (PUT), another with 2 mM putrescine in combination with carnauba wax and the rests with distilled water which served as control. Treatments were performed by dipping in 10 L solution of 2 mM putrescine containing Tween-20 (2 g L −1 ) as surfactant at 25°C for 8 min. and in carnauba wax emulsion (1 : 10) at 40°C for 2 min. After treatments, fruits were air-dried and stored in a temperaturecontrolled chamber (3 and 5°C) with a relative humidity of 90±5%. After 15, 30, 45 and 60 days, 5 fruits for each treatment and replicate were sampled and further stored at 20°C for 3 days. Then, husk (peel) was carefully cut at the equatorial zone with sharpened knives, arils were taken out and from these arils juice was extracted manually for analysis.
Total anthocyanins content The total anthocyanins content was determined on a UV-visible spectrophotometer by the pH-differential method (Wrolstad et al. 2005 ) using two buffer systems-potassium chloride buffer, pH 1.0 (0.025 M) and sodium acetate buffer, pH 4.5 (0.4 M). Juice extracts were centrifuged at 10,000 rpm for 10 min. at 18°C. The supernatant were diluted in pH 1.0 and pH 4.5 buffers, and absorbance measurements were made at 510 and 700 nm using 1.0 cm path length cuvettes. The pigment content was calculated and expressed as milligrams equivalent delphinidin-3,5-diglucoside 100 g −1 aril fresh weight, using an extinction coefficient of 795 Lcm −1 mol −1 and a molecular weight of 465.2 g mol −1
.
Ascorbic acid Ascorbic acid was quantitatively determined by using a relatively simple and fast 2,6-dichlorophenolindophenol-dye method as described by Jones and Hughes (1983) with slight modifications. For each sample, 10 g arils were homogenized with 10 mL of 3% metaphosphoric acid (volume-to-volume ratio). The extract was made up to a volume of 100 mL and centrifuged at 3,000 rpm for 15 min. at room temperature. Ten milliliters of supernatant were titrated against standard 2,6-dichlorophenolindophenol dye, which had already been standardized against standard ascorbic acid. Results were expressed as mg 100 g −1 on aril weight basis.
Tannin content Tannin content was determined by colorimetric method (AOAC 2000) using a standard curve of gallic acid. Juice was extracted from arils for each sample and 2 mL of juice was taken and made up to 250 mL with distilled water and boiled for 5 min. Then in a 100 mL volumetric flask 5 mL of diluted sample, 5 mL Folin-Denis reagent and 10 mL Na 2 CO 3 solution were added and volume was made up to 100 mL with distilled water, mixed well, kept for 30 min and absorbance was measured at 760 nm in spectrophotometer using an experimental blank (5 mL Folin-Denis reagent + 10 mL Na 2 CO 3 + 85 mL distilled water) for zero setting. In the similar way standard curve was performed with gallic acid (0-10 mL) and results were expressed as milligrams equivalent gallic acid 100 g −1 .
Antioxidant activity Antioxidant activity was measured by cupric reducing antioxidant capacity (CUPRAC) method of Apak et al. (2004) . Juice was extracted from the arils and samples were prepared by taking 2 mL juice and adjusting volume up to 15 mL with 80% ethanol. Then, to a test tube 1 mL of the following reagents were added: copper chloride solution (10 −2 M), neocuproine solution of 7.5×10 −3 M and ammonium acetate buffer (pH 7.0) solutions. Antioxidant sample (or standard) solution (100 μL) and distilled water (1 mL) were added to the initial mixture. The tubes were capped and after 1 h, the absorbance at 450 nm was recorded against a reagent blank. The standard calibration curve of antioxidant compound was constructed in this manner as absorbance versus concentration. The molar absorptivity of the CUPRAC method for antioxidant was found from the slope of the calibration line concerned and the antioxidant activity was expressed as μmol equivalent Trolox g
Sensory analysis Twenty members of non-trained sensory panel rated the arils using a 9-point hedonic scale with 1, dislike extremely; 2, dislike very much; 3, dislike moderately; 4, dislike slightly; 5, neither like nor dislike; 6, like slightly; 7, like moderately; 8, like very much and 9, like extremely (Resende et al. 2008) . The evaluated parameters were color, aroma, taste, firmness, juiciness and overall appearance.
Statistical analysis The data obtained from 3 replicates under different treatments in respect to various functional properties during storage were subjected to analysis of variance (ANOVA). Sources of variation were treatment and storage temperature. All analyses were performed with SPSS software package.
Results and discussion
Total anthocyanins content Anthocyanin (pigment) is the key color and antioxidant contributing constituent present in pomegranate juice. Internal breakdown and aril browning (pigment degradation) is main bottleneck during storage of pomegranate at low temperature (below 5°C). Regardless to treatments and storage temperatures (3 and 5°C), the total anthocyanins content was initially found increased up to 15 days but later on a definite declining trend was observed (Fig. 1 ). Irrespective to storage intervals and temperatures, total anthocyanins content remained higher in treated fruits than control. Comparing the treatment effects, the putrescine in combination with carnauba wax was more effective than PUT alone at both the storage temperatures. At the end of the storage period, total anthocyanins content differences between control and treated fruits were significantly higher especially at 3°C and found to be 175.07± 4.55 mg equiv delphinidin-3,5-diglucoside 100 g −1 for PUT 2 mM + carnauba; 152.54±6.47 mg equiv delphinidin-3,5-diglucoside 100 g −1 for PUT alone and 105.35±4.01 mg equiv delphinidin-3,5-diglucoside 100 g −1 for control arils.
Under both storage conditions, the retention of total anthocyanins were about 30-40% higher in PUT 2 mM + carnauba treated fruits compared to control after 60 days of storage period. The exogenous application of polyamines (PUT) mainly protects the membrane lipid from being converted in liquidcrystalline to a solid-gel state (induce chilling injury) by preventing lipid peroxidation (Mirdehghan et al. 2007b ). This could explain the reason behind the high anthocyanins content in PUT treated pomegranate fruit by lowering anthocyanins degradation.
The difference between the sole and combine impact of PUT and carnauba wax may be attributed to the internal CO 2 and O 2 level of carnauba wax coated pomegranate fruit. The carnauba wax coating tends to lower internal O 2 level. Thus it is clear that the lower O 2 contributing role reported for carnauba wax coating (Bai et al. 2003) would have a role in lower oxidation and thus might contributed towards higher anthocyanins retention under combined application with PUT.
Ascorbic acid The effect of treatments on ascorbic acid content revealed that there was a definite declining trend in the ascorbic acid content of fruit from the initial days at both the storage temperatures (Fig. 1) . However, ascorbic acid declining trend was much pronounced in control as compared to treated fruit arils. Among the applied treatments, combined application of PUT and carnauba wax given best results in terms of ascorbic acid retention of the stored fruit arils both at 3 and 5°C storage temperatures. At the 60th day of storage, PUT + carnauba wax treated fruit arils retained highest ascorbic acid (6.07±0.13 and 6.04± 0.14 mg 100 g −1 ) content at 3 and 5°C storage temperatures. PUT + carnauba wax shown continuously best results up to 60th day under both the storage conditions, while PUT alone could not retained higher amount of ascorbic acid up to end of the storage period. On 60th day of storage, combined application of PUT and carnauba wax retained more than 20% higher ascorbic acid as compared to control. Polyamines (PUT, SPD and SPM) are known for delaying ripening process and extending shelf life of several fruits and vegetables (Valero et al. 1998; Serrano et al. 2003) . Furthermore, the losses of ascorbic acid and increase in ascorbate oxidase in tomato development, ripening and senescence have been associated with decrease in polyamine content (Yahia et al. 2001) . In this way, it is clear that the antisenescence nature reported for polyamine would have a role in cell integrity and thus would lower down the depletion of ascorbic acid in treated fruits. Furthermore, comparatively higher retention of aril ascorbic acid in PUT + carnauba wax treatment may be explained by the carnauba coating effect on lowering down respiration process (Purvis 1994) .
Tannin content It is evident from the results that all the treatments significantly influenced the tannin content of the stored fruit aril during storage at both 5 and 3°C temperature (Fig. 1) . Up to 15th day of storage, all treatments exerted similar response both at 3 and 5°C storage temperatures that is, an increase in tannins concentration, and afterward a different response pattern was observed. The initial increase was much higher at 5°C under all the treatments up to 15th day of storage in comparison to 3°C. The highest aril tannin content was obtained in fruits treated with PUT along with carnauba wax (235.0±7.5 mg equiv gallic acid 100 g −1 ) followed by PUT alone (207.5±7.0 mg equiv gallic acid 100 g −1 )
15 days after storage at 5°C. Further, at 60th day of storage, PUT + carnauba wax treated fruits maintained significantly higher tannin content than putrescine treated or control arils. Largely, the tannin content was found increased initially and diminished later on. This fluctuating phenomenon in the stored fruit may be explained by migration of tanin (rind to aril) and ripening processes. Tannins are basically polyphenolic compound and their level of concentration in different parts (leaf, flower, rind, aril and seed) of pomegranate affected by several pre and postharvest factors (Wang 2006) . Punicalagin, punicalin and punicafolin are important component of tannins (Jurenka 2008) . The reduction in total tannin content has been reported with the progression of ripening in pomegranate (Kulkarni and Aradhya 2005) . This might be attributed to the conversion of tannins into other organic acids (citric, malic, oxalic and succinic acid) during advanced stage of fruit ripening.
Antioxidant activity Irrespective of treatments and storage temperatures, all fruits showed an increasing trend in total antioxidant activity up to 15th day (Fig. 1) . Thereafter, juice obtained from PUT and carnauba wax treated fruits further shown an increasing trend up to 30th day in antioxidant activity while control gave a declining pattern. Combined application of PUT (2 mM) and carnauba wax had registered most sharp increasing trend in antioxidant activity (17.49±0.45 μmol equiv Trolox g −1 ) even up to 30th day at 3°C storage temperature followed by PUT (15.81±0.55 μmol equiv Trolox g −1 ) and control (12.40± 0.55 μmol equiv Trolox g −1 ). By and large, the treatments have shown a declining trend in respect to total antioxidant activity of the fruit juice after 30th day of storage. The treatment effect on antioxidant activity was much pronounced at 3°C compared to 5°C storage temperature. In our study, the application of putrescine either alone or in combination with carnauba wax gave effective results in maintaining the higher concentration of antioxidant activity in treated fruits compared to control. Antioxidant capacity of plant produce is mainly because of the presence of pigments, vitamins (mainly ascorbic acid) and tannins. The reasons for higher retention of total antioxidant activity may be explained by lowering losses of anthocyanins, ascorbic acid and tannins. Kulkarni et al. (2004) reported that anthocyanins, ascorbic acid and phenolics are responsible for the antioxidant activity, either alone or in combination in Fig. 2 Effect of putrescine and carnauba wax treatments on sensory attributes of pomegranate arils during cold storage (3 and 5°C) + 3 days at 20°C. Data are means ± S.E. of three replicate determination (n=3) several pomegranate cultivars. In pomegranate, major phenolic compound that contributes to antioxidant activity is punicalagin (Kulkarni et al. 2004) , while delphinidin, cyanidin and pelargonidin were also suggested as participating constituents in antioxidant activity of arils (Noda et al. 2002) . Another reason for higher antioxidant retention in PUT and carnauba wax treated arils could be attributed due to putrescine's capacity to act as scavenger of free radicals (Drolet et al. 1986 ) and oxidation suppression activity of carnauba wax.
Sensory analysis In sensory score study performed at 60th day of storage shown that score given in respect to color, aroma, taste, appearance, juiciness and firmness was much higher in PUT and carnauba wax treated fruits compared to control (Fig. 2) . Untreated fruits lost their sensory qualities (color, aroma, taste and aril firmness) much faster at 3°C compared to 5°C storage temperature. Higher sensory score was awarded in respect to PUT + carnauba wax treated fruit arils followed by PUT and control under both the storage conditions.
Several parameters contribute to the overall quality and sensory attributes of fruits. Sensory attributes such as appearance, color, texture, aroma or some of the most important criteria used by a consumer to evaluate the immediate quality of fruits or vegetables (Nunes et al. 2007) . Under both the storage conditions, fruit treated with PUT or PUT + carnauba wax got the highest sensory score. As shown earlier, PUT and carnauba wax application retained higher concentration of anthocyanins (color), ascorbic acid and tannins during storage, these attributes contributed towards better overall aril appearance and thus higher sensory score.
Conclusion
In conclusion, exogenous application of PUT and carnauba wax is an effective means for maintaining higher level of anthocyanins, antioxidant activity, ascorbic acid, tannins and sensory score of pomegranate during storage at 3 and 5°C temperature, which otherwise leads to loss in functional properties of arils. As demonstrated in our results, combined application of PUT + carnauba wax could be a simple technique to maintain the functional properties of pomegranate during low temperature and long storage of pomegranate fruits. Further research is required to ascertain impact of PUT and carnauba wax treatment on extracted arils (minimally processed) in relation to health promoting/functional properties during prolonged storage.
